The objective of this study was to evaluate the effect of one or two doses of the anti-rabies vaccination on the serum concentration of cortisol and the humoral immune response in cattle as well as the correlation between serum cortisol concentrations and the titers of rabies-neutralizing antibodies. Nelore cattle were randomly assigned to one of three groups, which were vaccinated with one dose of rabies vaccine (group GVSR, N = 15), two doses of rabies vaccine (group GVR, N = 15) or were not vaccinated (group Gc, N = 15). A commercial liquid inactivated rabies vaccine was used. The stressors imposed on the cattle were vaccination, corral handling and the presence of people. Blood samples were collected on days 0, 30 and 60 post-vaccination. Serum cortisol concentrations were determined using a solid-phase radioimmunoassay, and rabies antibody titers were determined using a serum neutralization test with BHK 21 cells (RFFIT). Both serum cortisol concentrations and antibody titers increased after the second (booster) vaccination (P < 0.05). In all the groups, the serum cortisol concentrations increased after the cattle were handled in the corral (P < 0.05). No correlation was observed between the serum cortisol concentrations and the antibody titers with any treatment or on any observation day. In conclusion, booster vaccination is indispensable for primovaccinated cattle in achieving high and protective levels of rabies antibodies. Although booster vaccination and frequent cattle handling in corrals are stressors, the response is not strong enough to cause immunosuppression in cattle.
INTRODUCTION
Rabies is a viral infectious disease of the central nervous system of mammals that is caused by a neurotropic virus of the Rhabdoviridae family and the Lyssavirus genus [1, 2] . The hematophagous bat Desmodusrotundus is the main transmitter of this disease to cattle in Latin America [3] . This disorder is considered one of the world's most important types of zoonosis because it presents fatal encephalitis that can affect all mammals without treatment and it has a worldwide distribution [1, 2] . In Brazil, rabies is estimated to cause the annual loss of approximately 850,000 heads of cattle, which is approximately equivalent to 17 million US dollars [4] .
Constant and periodic mass cattle vaccination is the best means of protecting against and controlling this disease because vaccination is effective, low cost and reduces economic losses [5, 6] . However, during vaccinetion, it may necessary to submit the animals to various stressors, such as handling, i.e., moving them to a corral that is a new and unknown environment for the animals [5, 6] , the presence of people and people yelling [7, 8] and the pain caused by vaccine application [9] . These stressors activate the hypothalamic-pituitary-adrenal (HPA) axis and adrenal glands to stimulate produce and secrete cortisol, epinephrine and norepinephrine hormones [6, 10, 11] , and a high elevation in cortisol bloodstream is associated with immunosuppressive effects [12] and can cause the reduced production of anti-rabies antibodies in animals as related by Ciuchini et al. [13] , Queiroz da
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Silva et al. [14] and Albas et al. [15] . Moreover, Giometti et al. [16] reported that 60 days after the rabies vaccination there were more than 50% of animals with antibody titers below the level considered protective.
Although the low humoral immune response after rabies vaccination in cattle is concerning, there are few studies that have evaluated the immunosuppressive effect of stress in cattle previously vaccinated against rabies. The objective of the present study was to evaluate the effect of vaccination stress with one or two doses of rabies vaccine on the humoral immune response.
MATERIAL AND METHODS

Experimental Location
The experiment was conducted during the spring season (September to October) in the city of Lutetia-SP, Brazil. The city has a tropical climate, which is characterized by a rainy season from October to April and a dry seasonfrom May to September, with average annual rainfall of 1300 mm, humidity relative air of 64%, an average temperature of 25˚C and an altitude of 602 m. Nelore cattle are highly adapted to these climatic conditions.
Animals
Forty-five crossbred Nelorebulls (Bostaurusindicus), approximately 12 months of age, fed Brachiariadecumbens in an extensive grazing system supplemented with a commercial mineral mixture adlibitum were used. These animals were randomly divided into 3 groups (15 animals/ group): a control group (Gc) in which the animals were not vaccinated and the other two groups in which the cattle were immunized with one dose of rabies vaccine (primovaccination)on day zero (group GVSR) or two doses of vaccine on days 0 and 30 (GVR group).
Rabies Vaccine
A commercial liquid vaccine against rabies was used, which consisted of a suspension of fixed rabies PV virus (Pasteur virus) grown in a culture of BHK-21 cells, inactivated by β-propiolactone, adsorbed in adjuvant and preserved with thimerosal 1:10,000. The vaccine had antigenic values within the recommended parameters for an efficient immune response and was duly approved by the Ministry of Agriculture, Livestock and Supply (MAPA) of Brazil.
Stressors
The stress or simposed on the cattle were all the result of the immunization procedure, which included carrying the animals from the pasture to the corral, the actual vaccination, handling in the corral and the presence of people during handling.
Bovine Blood Sample Collection
Blood samples were collected on days zero, 30 and 60. For blood collection, the animals were taken to the corral in the morning and immobilized in a stem-type Brete chute, and 10 ml of blood from each animal was collected by puncture of the jugular vein. The blood was collected into vacuum tubes without anticoagulant. The blood samples were transported to the laboratory in a cooler with ice. After centrifugation at 2500 rpm for 10 min, the serum samples were packaged and stored at -20˚C for later determination of the serum cortisol concentration and the presence of rabies-neutralizing antibodies.
Titration of Anti-rabies
The individual titers of neutralizing antibodies were determined via serum neutralization in BHK21 clone 13 cells from the Rage cell bank section of the Butantan Institute. This test was developed based on the "Rapid Fluorescent Focus Inhibition Test" (RFFIT) [17] and "Fluorescent Inhibition Microtest" (FIMT) [18] . CVS11 virus and the 2 nd International Standard for anti-rabies serum were used as controls.
Determination of Serum Cortisol
Serumcortisol concentrations were determined using a radioimmunoassay solid phase commercial kit (DPC-Diagnostic Products Corporation, USA) and counted in a Cobra Auto-Gamma Count II counter.
Statistical Analysis
The data were analyzed according to a split plotexperiment with two groups (main treatments) and two days of collection (secondary treatments) in a completely randomized design with 15 replications. For the statistical analysis of serumcortisol concentrations, an analysis of variancevia an F test was used, and the means were compared using the Tukey test [19] .
Neutralizing antibody antirabies titers displayed heterogeneity of variances due to the large variation inthe results of the GVRgro upon day 60. For the homogenization of variance, the data were transformed to LN (SQRT (X)) values (logarithm of the square root of X values).
The correlation coefficient(r) was used to evaluate the correlation between the serum cortisol and serum titers of anti-rabies data by different groups and the blood collection days. In all statistical analyses, the significance of the data was set to 5%.
RESULTS
The cattle GVR group displayed a significant increase (P < 0.05) in serum cortisol concentration after receiving the second rabies vaccination on day 30 compared with the Gc and GVSR groups (Figure 1) . Moreover, the GVR group animals displayed a significant increase (P < 0.05) in serum cortisol concentration throughout the experimental period, whereas in the Gc and GVSR groups, the serum cortisol concentration increased significantly (P < 0.05) only on day 60.
The serum cortisol and antirabies antibody titers of the GVSR and GVR groups were not correlated (P > 0.05) on days 30 and 60 ( Table 1) .
There was no significant difference (P > 0.05) in the antirabies antibody titers between the GVSR and GVR groups on day 30, but on day 60 of observation, there was a significant increase of antirabies antibody titers in the GVR group ( Table 2 ).
DISCUSSION
The basal concentration of cortisol for Zebu cattle is 3.29 mg/dL according to Aragon et al. [20] and Vásquez and Herreira [21] . Thus, the bovine serum cortisol concentrations of groups Gc, GVR and GVSR were within the basal concentration (Figure 1) , indicating that the cattle were not stressed. Furthermore, the sera from all animals used in the experiment, which were collected before immunization against rabies, were not reactive to rabies, indicating that these animals had not been in contact with the rabies virus or the rabies vaccine before. Therefore, the variations observed in the serum cortisol concentrations and the anti-rabies neutralizing antibodies in the sera of the animals during the experimental period were exclusively induced by rabies vaccination.
The twice-consecutive handling of cattle in the corral with an interval of 30 days, whether administering a vaccine dose (primovaccination) or not, generated stress in the animals because the serum cortisol concentrations were similar (P < 0.05) between the Gc and GVSR (Figure 1) groups as well as between day zero and day 30 of Figure 1 . Effect of primovaccination against rabies (GVSR), booster application (GVR) and no vaccination (Gc) on the serum cortisol concentration in cattle. In the same groups, the means followed by the same letter did not differ according to the Tukey test (P > 0.05). observation in these groups (Figure 2) . However, frequent handling in the corral, e.g., more than two times, was stressful as indicated by the significant increase (P < 0.05) in serum cortisol concentrations on day 60 of observation (Figure 2) . A similar phenomenon was observed by Reis et al. [22] .
The booster vaccination was a stressor for the cattle. A, B: in each day, means of groups followed by the same capital letter did not differ (P > 0.05); a, b: in each group, means of days followed by the same lower case did not differ (P > 0.05).
Figure 2.
Effect of time of exposure to stressors on serum cortisol concentration of non-vaccination (Gc), rabies primovaccination (GVSR) and receipt of booster antirabies vaccine (GVR) in cattle. In the same group, the means followed by the same letter did not differ according to the Tukey test (P > 0.05).
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The serum cortisol concentration of the GVR group significantly increased (P > 0.05) on day 30 (Figures 1 and  2 ) when these animals received the rabies vaccine booster dose. The stress generated in the cattle by the booster vaccination may be associated with the frequent handling of the animals in the corral [6, 8, 11, 23] because the corral was a new and unfamiliar environment for the cattle [5, 24] and because the presence of strangers may cause stress [8, 24] . In addition, the shouting and aggression displayed by humans [7] generates fear and pain in animals and activates the HPA axis, which elevates serum cortisol concentrations [24, 25] .
Despite the booster vaccination and the frequent handling in the corral, the stress levels did not result in immuno suppression, as there was no significant correlation (P > 0.05) between the titers of the anti-rabies antibodies and the bovine serum cortisol concentrations in the GVSR and GVR groups ( Table 1) . These results confirm the findings of Chacon and Lopez [26] , who reported that cattle lymphocytes are not very sensitive to increased concentrations of steroids in the bloodstream.
Successful control of infectious diseases via vaccination is advantageous, and despite generating stress in common animals due to management in the corral and booster vaccinations, the strategy results in no immunosuppression. Cattle are often grazed in the corral as a component of conducting periodic vaccinations to control various infectious diseases, to control ectoparasites and endoparasites, and to perform other types of health management that are needed when raising cattle.
The World Health Organization (WHO) recommends a neutralizing anti-rabies antibody titer equal to or greater than 0.5 International Unit/mL to protect humans from infection with the rabies virus. However, some authors theorize that this value is the minimum required for protection of cattle [16, [27] [28] [29] [30] [31] . Thus, as seen in Table 2 , 30 days after the first vaccination against rabies, 100% of the animals in the GVSR and GVR group were still susceptible to contracting the rabies virus. These findings corroborate the results of Giometti et al. [16] .
This low humoral immune response in cattle against rabies-primovaccinated cattle is not associated with immunosuppression due to the stress generated by the management of the cattle in the pen (Figure 1) . There was no significant correlation between the anti-rabies antibody concentrations and the serum cortisol concentrations (P > 0.05) ( Table 1) . Further studies should be conducted to elucidate the possible causes of this humoral immune response against rabies in cattle that were previously vaccinated against rabies.
In animals that received a booster dose (GVR group), the antibody titers were significantly increased (P < 0.05) at day 60, and 100% of the animals reached or surpassed the minimum titer of anti-rabies that is considered to be protective (≥0.5 IU/mL). These findings prove the need for the application of a booster vaccination for the control of rabies in cattle and confirms the findings of Rodrigues da Silva et al. [28] , Queiroz da Silva et al. [14] , Albas et al. [15] , Giometti et al. [16] and Maria et al. [29] , who showed that reinforcement immunization is required for animals that were previously vaccinated against rabies antibody titers to maintain high and persistent levels of antirabies antibodies.
CONCLUSION
The results of the present study indicated that frequent management in the corral and rabies booster vaccination stressed cattle, but this stress did not result in immunosuppressive effects. This study also proves that the use of a rabies vaccination booster for cattle produces high titers of anti-rabies antibodies.
